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Abstract
Background: CD44 and ALDH1 have been recognized as the most widely used markers to identify
breast cancer stem cells (BCSCs). However, limited to tissue sample and rare population, BCSCs have
always been not easily detected. We aimed to measure CD44 and ALDH1A1 (major contributor to
ALDH1 activity) levels in serum and explore the prognostic value in primary breast cancer patients.
Methods: This study included 140 primary breast cancer patients with stage I-III. Serum samples were
collected before surgery and stored at -80 degrees. CD44 and ALDH1A1 were measured by
chemiluminescent assay.
Results: High serum CD44 levels (≥ 417.4 ng/mL) were correlated with postmenopausal status (P =
0.006), estrogen receptor negativity (P = 0.025), progesterone receptor negativity (P = 0.002) and
adjuvant chemotherapy (P = 0.003). The mean serum CD44 levels of luminal group (406.4 ± 68.3 ng/mL)
were significantly lower than triple negative group (506.8 ± 175.5 ng/mL) (P < 0.001). There was no
correlation between serum ALDH1A1 levels and molecular subtypes. Multivariate analysis revealed that
high serum CD44 level (≥ 417.4 ng/mL), was an independent factor for PFS (P = 0.019) and OS (P = 0.008).
However, serum ALDH1A1 has no impact on either PFS (P = 0.613) or OS (P = 0.441).
Conclusion: Serum CD44 was an independent prognostic indicator in primary breast cancer. However,
serum ALDH1A1 has no impact on survivals and might not be an appropriate candidate to predict
prognosis for breast cancer.
Key words: CD44, ALDH1A1, breast cancer, stem cells, prognosis

Introduction
Breast cancer is the second most common cause
of cancer-related death in women worldwide, and the
incidence is still increasing rapidly, especially in
moderate and low-income countries [1]. Although
comprehensive
therapies
including
surgery,
chemotherapy, radiotherapy, endocrine and targeted
therapy, even the novel immunotherapy have been
applied to breast cancer, recurrence and metastasis

still occur years after therapies in many patients,
leading to a high mortality [2]. Recent studies have
revealed that there exists a small distinct population
of cancer stem cells in breast tumors, which could
initiate a tumor, mediate progression and resist to
chemotherapy and radiation, contributing to
treatment failure and disease relapse [3]. Hence,
identifying and monitoring breast cancer stem cells
http://www.jcancer.org
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has a significant meaning to predict therapy resistance
and prognosis, which may provide a novel target to
cure breast cancer [4, 5].
However, breast cancer stem cells (BCSCs) only
account for about 2% of breast cancer cells and is hard
to be isolated from human tumor tissue. Since Al-Hajj
et al found that a subgroup of breast cancer cells
expressing CD44+/CD24- represented distinct
characteristics of BCSCs, a variety of researches have
been searching for surface markers to identify BCSCs
[6]. Now the most used BCSC markers including
CD44+, CD24−, aldehyde dehydrogenase (ALDH)+,
EpCAM+, LGR5+ [5, 7, 8], and identification of these
markers in tissue clinically were demonstrated
meaningful in predicting tumor response, metastasis
and survival. Nevertheless, the only approach to
acquire tissue samples is biopsy or surgery that is
invasive, moreover, samples could not be taken
repeatedly from the breast tumor.
Recent years, circulating tumor cells (CTCs),
which detached from the primary tumor and
intravasated into the blood, became the research
hotspot. As a method of noninvasive and repeatable
liquid biopsy, CTCs can be detected in the peripheral
blood and proved to be a prognostic factor for overall
survival (OS) in patients with metastatic breast cancer
[9, 10]. Data implicated that CTCs>5/7.5ml in
peripheral blood may correlated with worse survival
[11]. Therefore, researchers tried to search cancer stem
cells from CTCs in peripheral blood by using series of
BCSCs markers including EPCAM, CD44, CD24,
ALDH1, CD133, LGR5 and PIWIL2, and explored
whether it was possible to use circulating BCSCs to
monitor prognosis and response to therapy [8, 12-18].
However, the results were not satisfying, because
there were so less CTCs in circulation, not saying the
BCSCs. Considering that the most widely used
biomarkers CEA and CA153, we supposed that
whether BCSCs markers can also be detected in
serum. In this study, we selected two BCSCs markers
CD44 and ALDH1A1 (major contributor to ALDH1
activity), to explore the correlation between their
serum levels and clinicopathological parameters, and
the prognostic value of serum CD44 and ALDH1 in
patients with breast cancer.

Patients and Methods
This retrospective study was approved by the
Ethical Review Committee of Sun Yat-sen University
Cancer Center (No. GYX2015-016) and was conducted
in accordance with the principles of the Declaration of
Helsinki. Informed consents were obtained from all
patients before the commencement of the study. From
Dec 2001 to Dec 2004, 140 primary breast cancer
patients with stage I-III undergoing mastectomy or
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breast conserving surgery in the center were enrolled
in this study. The mean age was 48.9 years and the
standard deviation was 11.5 years. Breast cancer was
diagnosed by pathology using surgical tumor tissue.
Pathological stage of tumor was classified based on
The American Joint Committee on Cancer (AJCC)
seventh edition staging manual. Patients with any
other primary malignant tumors or with loco-regional
recurrence and distant metastasis at the time of
diagnosis were excluded from this study.

Serum CD44 and ALDH1A1 assays
Serum samples were obtained from the
department of breast oncology in Sun Yat-sen
University Cancer Center, which were collected at the
time of cancer diagnosis and stored at -80。C. Both the
human CD44and ALDH1A1 were quantitative
detected using an enzyme-linked immunosorbent
assay kit according to the manufacturer’s operating
instructions (Abnova Corporation, Taipei City,
Taiwan), and all the measurements were performed in
triplicate. The CD44std kit detect all circulating CD44
isoforms that include the standard protein sequence
and the protocol was as follows: First, the antihuman
CD44 antibody was precoated into a wells of 96-well
microtiter plates. The serum sample was diluted to a
1:30 concentration in sample diluent and was added
to the wells. Then, a horseradish peroxidaseconjugated monoclonal antibody against CD44 was
added to the wells. The CD44 molecules present in the
serum bound to the antibodies. Then, the wells were
incubated at room temperature (18 to 25°C) for 3
hours. After incubation, unbound enzyme-conjugated
antibodies were removed by washing three times with
wash buffer, and substrate solution (100 µL) was
added to wells. The coloring reaction was terminated
by the addition of stop acid, and absorbance was
measured at 450 nm by a 2-site chemiluminescence’s
sandwich immunoassay (ADVIA Centaur System,
Siemens
Diagnostics).
To
determine
CD44
concentrations, a standard curve was constructed
using serially diluted CD44 antigens and then
compared them with the experimental serum
samples.
ALDH1A1 was measured as follows: First,
serum sample, the standard and blank were added to
the wells and incubated for 2 hours at 37 ℃. Then,
solution A (100 µL) was added, incubated at 37 ℃ for
1 hour and washed by buffer for 3 times. Solution B
(100 µL) was added and repeated the procedures as
the solution A. Then substrate solution (90 µL) was
added to wells and were incubated at 37 ℃ for 15-30
minutes. The coloring reaction was terminated by the
addition of 50 µL stop acid, and the absorbance was
measured at 450 nm by a 2-site chemiluminescence’s
http://www.jcancer.org
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sandwich immunoassay (ADVIA Centaur System,
Siemens Diagnostics). A standard curve was also
constructed using serially diluted ALDH1A1 antigens
and then compared them with the experimental
serum samples.

significant difference. All data in this study have been
recorded at the Sun Yat-sen University Cancer Center
(number: RDDA2018000764).

Follow-up and Assessments

Relationship between serum CD44 and
ALDH1A1 levels and clinicopathological
characteristics

All patients were followed up with routine
examination, which including physical examination,
radiological examination and laboratory tests and
were obtained within 2 weeks before the
commencement of treatment and then were carried
out during follow-up (every 3 months for the first 2
years, every 6 months for the next 3 years and one
year after 5 years). Radiologic examination included
ultrasonography of chest wall on affected side,
contralateral
breast,
bilateral
axillary
and
supraclavicular
lymph
nodes
and
liver,
mammography, chest radiography, bone scanning
and further image modalities such as diagnostic
computed tomography and/or magnetic resonance
imaging if indicated. Laboratory tests included test of
serum CEA and CA153. First appearance of a new
tumor recurrence in locoregional area and distant
organs or in combination of these was defined as
disease progression.
Progression free survival (PFS) was calculated as
time from the commencement of treatment to disease
progression or death, no matter which occurred first.
Patients who were alive and disease free were
censored at the date of last follow-up visit. OS was
defined as the time interval between the first
treatment and death for any cause, and patients who
were alive were censored at date of last follow-up
visit. Patients were followed up until Feb 20, 2018.

Statistical analysis
Chi-Square test or Fisher’s exact test was used to
evaluate the correlation between serum CD44 and
ALDH1A1 and clinicopathological characteristics in
all categorical tables. Survival curves were generated
by using Kaplan-Meier method. We used Cox
regression models to evaluate the impact of serum
CD44 and ALDH1A1 and clinicopathological
characteristics on PFS and OS. Univariate and
multivariate analysis were both used in proportional
hazard, which was described by hazard ratio (HR)
with 95% confidence interval (CI). Statistically
significant factors in the univariate analyses were
analyzed in multivariate analysis to evaluate the
association between time-dependent outcomes and
survival. Both serum CD44 and ALDH1A1 were
bifurcated at the median levels. All the data were
analyzed using SPSS v20 (SPSS, Inc., Chicago IL), and
all P values < 0.05 were considered to suggest

Results

In a total 140 patients, the median serum CD44
levels was 417.4 ng/mL, ranged from 220.8 ng/mL to
1216.7 ng/mL. We observed that high serum CD44
levels (≥ 417.4 ng/mL) were correlated with
postmenopausal status (P = 0.006), estrogen receptor
(ER) negative (P = 0.025), progesterone receptor (PR)
negative (P = 0.002) and adjuvant chemotherapy (P =
0.003). The median serum ALDH1A1 levels were
0.778 ng/mL, ranged between 0 and 8.085 ng/mL.
Patients with high ALDH1A1 levels (≥ 0.776 ng/mL)
had a higher frequency of positive HER2 status than
those who with low ALDH1A1 levels (32.9% vs.
17.1%, P = 0.032). There was also significant difference
in serum ALDH1A1 levels according to PR status (P =
0.017) (Table 1).

Impact of serum CD44 and ALDH1A1 on
prognosis in primary breast cancer
With a median follow-up of 139.3 months, total
recurrence rate was 38.6% (54 in 140 patients). 4
patients (2.9%) had locoregional recurrence, 43
patients (30.7%) had distant metastasis and 3 patients
(2.1%) had locoregional and distant recurrence
synchronously. Liver was the most popular metastatic
organ (n = 22) followed by lung (n = 14), bone (n = 12),
supraclavicular lymph node (n = 8) and brain (n = 6).
54 patients died of recurrence, and 4 patients died free
of breast cancer by the end date of Fer 20, 2018.
We separately divided all patients into two
groups according to the median levels of CD44 or
ALDH1A1. Patients in the high serum CD44 group (≥
417.4 ng/mL) had a significantly shorter OS (P =
0.0095) (Fig. 1A) and PFS (P = 0.0176) than those in the
low CD44 group (Fig. 1B). However, there was no
significant difference in either OS (P = 0.3488) or PFS
(P = 0.4425) between patients with high serum
ALDH1A1 levels (≥ 0.776 ng/mL) and low (Fig. 2). To
further find out a narrow range that could identify
patients with poor prognosis, four subgroups were
classified according to quartiles. It showed that
patients with serum CD44 level more than the third
quartile (≥ 477.9 ng/mL) had the worse OS (CD44
level < 368.3 ng/mL: P = 0.002; CD44 level between
368.3 ng/mL and 417.4 ng/mL: P = 0.002; and CD44
level between 417.4 ng/mL and 477.9 ng/mL: P =
0.015) and PFS (CD44 level < 368.3 ng/mL: P = 0.016;
http://www.jcancer.org
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CD44 level between 368.3 ng/mL and 417.4 ng/mL: P
= 0.002; and CD44 level between 417.4 ng/mL and
477.9 ng/mL: P = 0.033) than other three subgroups.
However, there was no difference of OS and PFS
among other three subgroups (P > 0.05). A univariate
analysis of prognostic factors showed that large tumor
size, positive lymph nodes, negative ER and PR status
and higher serum CD44 levels had significantly
shorter OS. Serum ALDH1A1 levels did not appear to
have any impact on OS (P = 0.441). In multivariate
COX analysis, larger tumor size (> 5 cm) (HR, 3.563;
95%CI, 1.376-9.226; P = 0.009), 1 to 3 positive lymph
nodes (HR, 2.305; 95%CI, 1.136-4.678; P = 0.021), more
than 4 positive lymph nodes (HR, 5.436; 95%CI,
2.854-11.433; P < 0.001) and higher serum CD44 levels
( ≥ 477.9 ng/mL) (HR, 2.874; 95%CI, 1.286-6.423; P =
0.01) were independent indicators of OS (Table 2).
Similarly, these variables were also independent
indicators of PFS in the COX regression model (Table
3).
Table 1. Association between serum CD44 and serum
ALDH1A1 and clinicopathological characteristics in breast cancer
patients.

Characteristics
Total
Age (years)
≤ 35
> 35
Menopausal status
Premenopausal
Postmenopausal
Stage
I
II
III
Tumor size (cm)
≤2
2 to 5
>5
Lymph nodes status
(+)
0
1-3
≥4
ER status
Negative
Positive
PR status
Negative
Positive
HER2 (IHC/FISH) †
status
Negative
Positive
Surgery
Breast conserving
surgery
Mastectomy
Adjuvant systematic
treatment
Chemotherapy
Endocrine therapy

Serum CD44 levels
(ng/ mL)
N % <
≥
P
417.4 417.4 value
140 100 70
70
-

Serum ALDH1A1 levels
(ng/ mL)
< 0.778 ≥ 0.778 P value
70

70

-

15 10.7 8
125 89.3 62

7
63

0.785

10
60

5
65

0.172

80
60

57.1 48
42.9 22

32
38

0.006

42
28

38
32

0.495

30
76
34

21.4 14
54.3 38
24.3 18

16
38
16

0.882

15
38
16

15
38
18

1.000

48
76
16

34.3 24
54.3 36
11.4 10

24
40
6

0.546

25
36
9

23
40
7

0.762

67
45
28

47.9 35
32.1 22
20 13

32
23
15

0.861

57
83

40.7 22
59.3 48

35
35

0.025

62
78

44.3 22
55.7 48

40
30

0.002

37
20
13

30
25
15

0.489

24
46

33
37

0.122

24
46

38
32

0.017

105 75
35 25

52
18

53
17

0.845

58
12

47
23

0.032

5

2

3

0.649

4

1

0.172

66

69

61
43

64
39

3.6

135 96.4 68

67

125 89.3 68
82 58.6 44

57
38

0.003
0.303

0.412
0.493

Characteristics

N

Radiotherapy
Targeted therapy

22
2

Serum CD44 levels
(ng/ mL)
% <
≥
P
417.4 417.4 value
15.7 12
10
0.642
1.4 1
1
1.000

Serum ALDH1A1 levels
(ng/ mL)
< 0.778 ≥ 0.778 P value
12
2

10
0

0.642
0.154

†IHC 3+, IHC2+ and FISH amplified. Abbreviations: ER, estrogen receptor; FISH,
fluorescence in situ hybridization; HER2, human epidermal growth factor
receptor-2; IHC, immunohistochemistry; PR, progesterone receptor.

Subgroup analysis of Serum CD44 and
ALDH1A1 levels and molecular subtypes
The mean serum CD44 levels of breast cancer
patients with luminal type (406.4 ± 68.3 ng/mL) were
significantly lower than those with triple negative
type (506.8 ± 175.5 ng/mL) (P < 0.001). The mean
CD44 levels of HER2-enriched type was 462.5 ± 125.4
ng/mL and had no difference with those of luminal (P
= 0.124) and triple negative types (P = 0.502). The
mean serum ALDH1A1 levels was 1.053 ± 1.204
ng/mL in luminal type, 1.421 ± 1.927 ng/mL in
HER2-enriched type and 1.848 ± 1.924 ng/mL in triple
negative type, separately. There was no correlation
between serum ALDH1A1 levels and molecular
subtypes.
Table 2. Univariate and multivariate analysis of prognostic factors
that influenced overall survival.
Characteristics
Age (years)
> 35
≤ 35
Tumor size (cm)
≤2
2 to 5
>5
Lymph nodes status (+)
0
1-3
≥4
ER status
Negative
Positive
PR status
Negative
Positive
HER2 (IHC/FISH) † status
Negative
Positive
Serum CD44 (ng/mL)
< 368.3
368.3 to 417.4
417.4 to 477.9
≥ 477.9
Serum ALDH1A1
(ng/mL)
< 0.778
≥ 0.778

Univariate
HR (95%CI)

P
value

Multivariate
HR (95%CI)

P
value

1
2.006 (0.942-4.271) 0.071
1
2.605 (1.246-5.449) 0.011
4.373
0.001
(1.775-10.775)

1
2.091 (0.984-4.443) 0.055
3.563 (1.376-9.226) 0.009

1
2.983 (1.502-5.923) 0.002
5.454
<0.001
(2.636-11.285)

1
2.305 (1.136-4.678) 0.021
5.436
<0.001
(2.584-11.433)

1
0.459 (0.266-0.792) 0.005

1
0.606 (0.297-1.236) 0.168

1
0.541 (0.313-0.935) 0.028

1
0.817 (0.403-1.656) 0.574

1
1.344 (0.737-2.449) 0.335
1
0.972 (0.405-2.336) 0.95
1.227 (0.51-2.952) 0.648
3.038 (1.435-6.429) 0.004

1
1.089 (0.447-2.652) 0.851
1.521 (0.599-3.858) 0.378
2.874 (1.286-6.423) 0.01

1
1.240 (0.717-2.144) 0.441

Abbreviations: CI, confidence interval; ER, estrogen receptor; FISH, fluorescence in
situ hybridization; HER2, human epidermal growth factor receptor-2; HR, hazard
ratio; IHC, immunohistochemistry; PR, progesterone receptor.
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Fig. 1. Kaplan–Meier survival curve for OS and PFS according to serum CD44 levels. Two subgroups were divided according to median level (A and B). Patients with
high serum CD44 levels (≥ 417.4 ng/mL) had both worse OS (A) and PFS (B) than those with low serum CD44 levels (< 417.4 ng/mL) (P = 0.008 for OS and P = 0.019 for PFS,
separately). Four subgroups were divided according to quartiles (C and D). Patients with serum CD44 levels (≥ 477.9 ng/mL) had both worse OS ([C], CD44 level < 368.3 ng/mL:
P = 0.002; CD44 level between 368.3 ng/mL and 417.4 ng/mL: P = 0.002; and CD44 level between 417.4 ng/mL and 477.9 ng/mL: P = 0.015) and PFS ([D], CD44 level < 368.3
ng/mL: P = 0.016; CD44 level between 368.3 ng/mL and 417.4 ng/mL: P = 0.002; and CD44 level between 417.4 ng/mL and 477.9 ng/mL: P = 0.033) than other three subgroups
(OS: P = 0.008 for OS and P = 0.019 for PFS, separately). However, there was no difference of OS and PFS among other three subgroups (P > 0.05).

Fig. 2. Kaplan–Meier survival curve for OS and PFS according to serum ALDH1A1 levels. Both OS (A) and PFS (B) were not found with significant differences
between patients with high serum ALDH1A1 levels and those with low serum ALDH1A1 levels (P = 0.441 for OS and P = 0.613 for PFS, separately).
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Table 3. Univariate and multivariate analysis of prognostic factors
that influenced progression free survival.
Characteristics
Age (years)
≤ 35
> 35
Tumor size (cm)
≤2
2 to 5
>5
Lymph nodes status
0
1-3
≥4
ER status
Negative
Positive
PR status
Negative
Positive
HER2 (IHC/FISH) † status
Negative
Positive
Serum CD44 (ng/mL)
< 368.3
368.3 to 417.4
417.4 to 477.9
≥ 477.9
SerumALDH1A1 (ng/mL)
< 0.778
≥ 0.778

Univariate
HR (95%CI)

Multivariate
P value HR (95%CI)

P value

1
0.536 (0.256-1.067) 0.075
1
2.039 (1.055-3.939) 0.034
4.081 (1.797-9.264) 0.001

1
1.717 (0.874-3.373) 0.117
3.631 (1.521-8.672 0.004

1
2.654 (1.329-4.943) 0.005
6.076 (3.086-11.96) <0.001

1
1.982 (1.007-3.898) 0.048
6.747 (3.36-13.549) <0.001

1
0.453 (0.269-0.764) 0.003

1
0.644 (0.33-1.255)

0.196

1
0.526 (0.311-0.887) 0.016

1
0.735 (0.38-1.422)

0.361

1
1.264 (0.709-2.253) 0.427
1
0.747 (0.327-1.703) 0.488
1.069 (0.487-2.346) 0.868
2.271 (1.142-4.515) 0.019

1
0.811 (0.352-1.87) 0.623
1.129 (0.496-2.572) 0.772
2.255 (1.098-4.631) 0.027

1
1.144 (0.680-1.925) 0.613

Abbreviations: CI, confidence interval; ER, estrogen receptor; FISH, fluorescence in
situ hybridization; HER2, human epidermal growth factor receptor-2; HR, hazard
ratio; IHC, immunohistochemistry; PR, progesterone receptor.

Discussion
In this study, we selected two most widely used
BCSCs markers CD44 and ALDH1A1 and measured
their circulating levels in the serum of 140 primary
breast cancer patients. It was found that serum CD44
was a significant predictor of OS and PFS for breast
cancer. However, serum ALDH1A1 levels has no
impact on either OS or PFS, though high serum
ALDH1A1 levels correlated with HER2 positive
status.
CD44 has been identified as a reliable marker for
BCSCs and plays an important role in tumor invasion
and metastasis [5]. As a cell surface adhesion
molecule, CD44 is composed of an extracellular
domain, a transmembrane domain, and a cytoplasmic
tail [12]. Proteolytic ectodermal cleavage of the
extracellular domain of CD44, also called soluble
extracellular CD44 is released into circulation and can
be detected in serum [19]. Previous studies found that
serum CD44 is highly prevalent in various
malignancies, including lung cancers, gastric cancers,
colon cancers, ovarian carcinomas and cervical cancer
[20-24]. Elevated serum CD44 was also proved to be
associated with poor outcome and disease
progression in hematological malignancies, such as
non-Hodgkin’s lymphoma and B-cell lymphoma [25,

26]. In our study, we detected that the amount of
serum CD44 is relatively abundant, ranged from 220.8
ng/mL to 1216.7 ng/mL with the median
concentration of 417.4 ng/mL, indicating that serum
CD44 might be a possible serum biomarker in breast
cancer. We observed that high serum CD44 levels
were correlated with postmenopausal status, ER
negativity, PR negativity and adjuvant chemotherapy.
However, there have been studies showed that
upregulations of serum CD44 were associated with
larger tumor size, lymph node or distant metastasis
and higher stage in breast cancer patients [27, 28], that
is different from ours. This may be caused by that the
patients in our study were diagnosed of breast cancer
with stage I-III but other studies included stage IV
cases. To be mentioned, it was found that the mean
serum CD44 levels of breast cancer patients with
luminal subtype were significantly lower than those
with triple negative subtype. Though no previous
studies evaluated the relationship between serum
CD44 levels and breast cancer molecular subtypes,
data showed that more BCSCs existed in triple
negative breast cancer than in Luminal breast cancer
[29], which may well explain our findings. Patients in
the high serum CD44 group had a significantly
shorter OS than those in the low CD44 group,
indicating that serum CD44 may be a prognostic
factor for breast cancer. Baek JM et al. studied serum
CD44 in HER2-positive breast cancer and
demonstrated that serum CD44 was a significant
predictor of OS for HER2-positive but not for all
breast cancer [19]. Variance of population and sample
size may contribute to the divergence.
In 2007 Ginestier C et al. found that ALDH1 is a
better marker of BCSCs and a predictor of poor
clinical outcome. Fewer ALDH1+ tumor cells can
produce tumors in immunodeficient mice than CD44+
and CD24– tumor cells [7]. In this study, the median
serum ALDH1A1 levels were 0.778 ng/mL, ranged
from 0 and 8.085 ng/mL. The concentrations were
relatively low and almost 0 ng/mL in 20 patients of all
140 cases. This might be attributed to the distribution
of ALDH1A1 in cell [30]. ALDH1 mainly expressed in
cytoplasm and mitochondria, indicating that it may
not easily pass through the membrane and be released
into circulation. To be noticed, we observed that
patients with high ALDH1A1 levels had a higher
frequency of positive HER2 status than those who
with low ALDH1A1 levels. However, there was no
significant difference between patients with high
serum ALDH1A1 levels and low in either OS or PFS,
indicating that there may be some underlying
relationships between ALDH1A1 and HER2, but
serum ALDH1A1 may not be an appropriate
candidate for predicting prognosis of breast cancer.
http://www.jcancer.org
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There are some limitations in our study. First,
this is a retrospective study and the serum samples
were collected years before. Though stored properly,
the active substance in serum may be degraded at
varying degrees. Second, the sample size is relatively
small, which may lead to bias.
To our knowledge, there has not been any study
exploring the serum levels of BCSCs markers CD44
and ALDH1A1 at the same time in breast cancer
patients. The results from our study showed that
patients with high levels of CD44 have shorter PFS
and OS. Furthermore, univariate and multivariate
survival analysis demonstrated that serum CD44 is an
independent factor for prognosis in breast cancer.
However, serum ALDH1A1 has no impact on either
PFS or OS and is not an appropriate candidate to
predict prognosis for breast cancer.

Abbreviations
ALDH: aldehyde dehydrogenase
BCSCs: breast cancer stem cells
CI: confidence interval
CTCs: circulating tumor cells
ER: estrogen receptor
HR: hazard ratio
OS: overall survival
PFS: Progression free survival
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